Contractile actin networks take on various functions in cells. How disordered actin networks contract is still poorly understood. A recent study proposes a contractile mechanism that is driven by actin disassembly and required to prevent chromosome losses in starfish oocytes.
Actin filaments drive diverse cellular processes by generating force. Actin is well established to generate force by associating with motor proteins, or by creating pushing forces through filament polymerization. Prominent examples for these two mechanisms can be found during cell migration: actin polymerization creates pushing forces that drive the protrusion of the leading edge of the cell, whereas actomyosin contraction enables movement of the cell rear [1] . In addition to these two mechanisms, several recent studies have suggested that actin can also create force by disassembly [2] [3] [4] [5] . However, the in vivo evidence for force generation by actin disassembly has still been limited. A recent study by Bun et al. [6] now provides compelling evidence that disassembly drives the contraction of an actin network that is required to transport chromosomes to the first meiotic spindle in starfish oocytes ( Figure 1A ). In many species, oocytes have exceptionally large nuclei, reaching diameters of around 80 mm in starfish and 450 mm in frogs. This creates a problem for the oocyte as the length of microtubules that need to capture the chromosomes upon nuclear envelope breakdown is typically limited to 30 mm -too short to reach all of the chromosomes within the nucleus [7] .
Thus, cells with large nuclei need to employ additional mechanisms to ensure that all chromosomes can be reached by microtubules.
Starfish oocytes use a 'fishing net' made of actin filaments to collect chromosomes from the large nucleus and bring them into the proximity of the forming spindle [8] . At nuclear envelope breakdown, the actin network forms throughout the nucleus [9] . Contraction of the network then delivers chromosomes to the spindle. Disruption of the actin network causes chromosomes to be lost in the cytoplasm, precluding the development of a healthy embryo upon fertilization.
But how is the actin network that is transporting the chromosomes contracting? By using elegant pulsechase labelling experiments, Bun et al. [6] observed that, while the initial network contracted, new actin filaments were polymerized at the surface of this contracting mesh. They hence investigated whether these new filaments might generate pushing forces that could compact the network and thereby transport the chromosomes. They reasoned that, if the network was continuously compacted from the outside, then artificially induced gaps in the network should be rapidly closed. However, local laser ablation of the network resulted in rapid retraction of filaments from the ablation site and an enlargement of the gap. This suggested that network contraction is not driven by pushing forces from the outside, but that intrinsic contractility within the network generates the forces that move the chromosomes.
Tension within the network could be explained by two potential mechanisms: the more classical contractility that is dependent on motor proteins that are pulling actin filaments towards each other [10] ; or contractility that is caused by disassembly of a crosslinked network of actin filaments [2] . To test which scenario is more likely to be the source of force generation, Bun et al. [6] analyzed network contraction rates in response to different perturbations.
Inhibition of non-muscle myosin II, the motor protein that is typically involved in generating contractile force in actin networks [11, 12] , did not affect the rate of network contraction [6] . Similarly, no effect was observed after inhibition of myosin Vb [6] , the myosin that drives the dynamics of the actin network in mouse oocytes that is required for vesicle transport as well as spindle and nuclear positioning [13] [14] [15] . Moreover, motordependent contraction should over time lead to a massive increase in network density; however, such an increase was not observed in vivo, pointing instead towards a disassembly-dependent contraction mechanism [6] .
Simulations of a disassembly-based contraction mechanism predicted that stabilization of actin filaments should lead to slower contraction rates, whereas destabilization of actin filaments should accelerate contraction [6] . To test these predictions, Bun et al. [6] injected into oocytes varying amounts of the calponin homology domain of utrophin [16] , which stabilizes actin filaments at high doses [14] . In support of a disassemblydependent mechanism, they observed that the rate of contraction decreased upon stabilization of the actin filaments. Strikingly, treatment of oocytes with low doses of latrunculin A, which destabilizes actin filaments, caused a dramatic increase in contraction rates. Together, these results were consistent with the model that network contraction is driven by disassembly of actin filaments.
For actin disassembly to cause network contraction, a coupling factor is required to harness the free energy of filament disassembly for network contraction [2] . Such a factor could be a molecule that is able to track the depolymerizing end of one filament, while at the same time being connected to an adjacent filament ( Figure 1B) . Based on previous publications, formins could perform this function [5, [17] [18] [19] . Indeed, the authors [6] found that the contraction of the network was significantly compromised when they treated oocytes with the formin inhibitor SMIFH2. However, the specific formin that might be involved in contraction remains to be identified.
What is the advantage of disassemblydriven contraction over motor-proteindriven contraction? The authors [6] argue that, if motor proteins were the driving force of chromosome transport in starfish oocytes, the density of the actin network would gradually increase during contraction. This in turn would lead to the formation of a very dense actin network around the chromosomes by the end of chromosome congression. This dense actin network could potentially hinder the formation of the first meiotic spindle by shielding the chromosomes from microtubules, making the capture of chromosomes by microtubules inefficient. The disassembly-driven mechanism leads to the complete disassembly of the actin network by the end of chromosome congression, clearing the path for establishing microtubule-chromosome interactions.
Bun et al. [6] have established a powerful in vivo model for studying the mechanism of disassembly-driven actin network contraction. In the future, it will be interesting to identify the molecular players that are involved in the formation of the network and its contraction, including the coupling factor that harnesses the free energy of actin disassembly. Identifying the minimal set of components that is needed to produce contraction would enable reconstitution of disassembly-driven contractile systems in vitro. This would allow a much more detailed investigation of this as yet poorly understood mechanism of actin network contraction.
That disassembling actin filaments transport chromosomes towards the spindle in oocytes may be surprising at first sight. On the other hand, it is well established that chromosome movement during anaphase is driven by the depolymerization of microtubules [20] . It will be interesting to investigate the similarities and differences in the principles of force generation by depolymerizing microtubules and actin filaments, and to explore the contribution of actin disassembly to force generation in other types of contractile actin networks.
